INTRODUCTION
Restriction endonucleases have found wide use in the analysis and restructuring of DNA molecules and as model systems for studying the interactions of proteins and DNA. Many such activities have been characterized from a large number of bacterial genera (Roberts, 1985) , and in virtually all cases examined a corresponding methylase is present that protects the bacterial DNA from cleavage (McClelland & Nelson, 1985) . These modification methylases have been less well-studied, presumably because they are of less importance as tools in the manipulation of DNA in vitro. However, such methylases can be used to protect specific sites against cleavage by the cognate endonuclease, and they have been used to alter the number of target sites for non-cognate restriction endonucleases on DNA to generate novel specificities ofcleavage (McClelland et al., 1984) .
We now report the specificity of the methylase M.EaeI corresponding to the endonuclease EaeI from Enterobacter aerogenes PW201 (Whitehead & Brown, 1983 Enterobacter aerogenes PW201 was maintained and grown as described previously (Whitehead & Brown, 1983) . Cell paste was stored at -20°C until use.
Bacteriophage A DNA, qSX174 replicative-form (RFI) DNA and plasmid pBR322 were prepared as described previously (Whitehead & Brown, 1982) . Restriction endonucleases other than EaeI were purchased from Anglian Biotechnology (Colchester, Essex, U.K.) or Boehringer Corp. (Lewes, East Sussex, U.K.), and were used as suggested by the manufacturers.
Restriction endonuclease EaeI was prepared as described by Whitehead & Brown (1983) , with the modifications that 0.02 mM-phenylmethanesulphonyl fluoride and 0.05 mM-benzamidine were present as proteinase inhibitors throughout the ultrasonication and centrifugation steps, and that chromatography was successively on phosphocellulose Pll, hydroxyapatite and DEAE-cellulose, rather than phosphocellulose, DEAE-cellulose and heparin-Sepharose. The conditions for phosphocellulose and DEAE-cellulose chromatography were as described before, and those for hydroxyapatite were as described below for purification of the methylase activity.
Methylase assay
The methylase preparation was incubated with 0.5 ,ug HCl buffer, pH 7.5, containing 100 ,ug of autoclaved gelatin/ml. The procedure described by Butkus et al. (1985) was followed for the precipitation, gel-filtration chromatography and HC104 hydrolysis ofthe methylated DNA, and for the isolation of free bases. The nucleic acid bases were analysed by ascending paper chromatography on Whatman no. 1 paper in the solvents described in Table 1 . S-Adenosyl[Me-3H]methionine that had been through the hydrolysis procedure and untreated 5-methylcytosine were run as markers; the latter marker was located under u.v. light, and was mixed with the sample.
RESULTS AND DISCUSSION Preparation of modification methylase M.EaeI
Cell paste (5 g) was resuspended in 30 ml of buffer A [10% (v/v) glycerol/10 mM-2-mercaptoethanol/0. 1 mM-EDTA / 100 mM-KCl / 10 mM-potassium phosphate buffer, pH 7.4) and sonicated at 60 W for 10 x 30 s, with intermittent cooling. The sonicated mixture was centrifuged at 50000 g for 90 min, and the supernatant was applied to a phosphocellulose P11 column (2 cm x 1O cm) and eluted with buffer A modified to contain a linear gradient of 0.1-1.0 M-KCl. The active fractions were eluted at 0.2-0.35 M-KCl, and were dialysed against buffer A. The methylase activity was then purified on a hydroxyapatite column (1 cm x 5 cm) eluted with buffer A modified to contain a linear gradient of 0.01-0.3 M-potassium phosphate. Active fractions (0.1-0.2 M-potassium phosphate) were dialysed against buffer A and purified on a CM-cellulose column (1 cm x 5 cm) eluted with buffer A modified to contain a linear gradient of 0.1-1.0 M-KCl. The final preparation (eluted with 0.1-2 M-KCI) was dialysed against buffer A modified to contain 50% glycerol and stored at -20 'C. The preparation is stable for sevral months, and the total yield of M.EaeI was approx. 800 units/g of cell paste. The preparation contained no detectable endonuclease EaeI or non-specific nucleases. Characterization of the M.EaeI modification activity
The restriction endonuclease EaeI recognizes the family of related sequences 5'-Y-G-G-C-C-R-3', cleaving the DNA to give 5'-tetranucleotide extensions (Whitehead & Brown, 1983) . We assumed that M.EaeI recognized and modified the same sequence. The optimum ranges of pH (6.5-8.5), temperature (30-42 'C) and concentrations of univalent cation (below 150 mM-NaCl) for protection of DNA against endonuclease EaeI were determined, and resulted in the choice of assay buffer described in the Materials and methods section. To determine which of the two cytosine residues in each strand is the site of modification, we used the restriction endonuclease HaeIH. This enzyme recognizes and cleaves the sequence 5'-G-G-C-C-3' to leave flush termini. The central tetranucleotide of the EaeI site is an HaeIII site, and HaeIII is known to cleave the sequence 5'-G-G-C-5mC-3, but it does not cleave the sequence 5'-G-G-5mC-C-3' (Mann & Smith, 1977) . We therefore modified OX 174 RFI DNA with M.EaeI and compared the HaelII-cleavage pattern of the modified DNA with that of the unmodified DNA (Fig. 1) . Modification of DNA with M.EaeI protected EaeI-cleavage sites against cleavage by HaeIII. The two EaeI-cleavage sites correspond to the HaeIII-cleavage sites Z2/Z6b (position 4835; Sanger et al., 1978) and Z6a/Z9 (position 552); the fragments that disappear (Z2, Z9 and both fragments in the Z6 doublet) and the sizes of the product fragments (approx. 1350 and 390 base-pairs) agree with this assignment. The larger of the product fragments (Z2 + Z6b) co-migrates with the largest HaelII-cleavage fragment (Zl) . The protection appears to be absolute, as we have been unable to detect cleavage of these sites even with a large excess of HaeIII. As HaeIII will cleave its site if the second cytosine residue is methylated at the 5-position, the first cytosine residue must be that methylated by M.EaeI.
Effect of M.EaeI methylation on the cleavage of DNA by other restriction endonucleases DNAs of known sequence were fully modified by M.EaeI and were incubated with restriction endonucleases whose cleavage sites overlapped with one or more EaeI-cleavage sites on that DNA. In addition to protection against HaeIII cleavage, described above, methylation by M.EaeI prevented cleavage of the site 5'-Y-G-G-C-C-G-G-3' at position 533 in pBR322 DNA (Sutcliffe, 1979) by the enzymes MspI and HpaII, which recognize 5'-C-C-G-G-3' (Fig. 1). [Note that, although MspI will normally cleave 5'-C-5mC-G-G-3' but not 5'/-5MC-C-G-G-3.', whereas HpaII will cleave neither, in the case of the sequence 5'-G-G-C-C-G-G-3', such as in EaeI/MspI overlapping sequences, MspI will not cleave if either cytosine residue is methylated (Keshet & Cedar, 1983) . The lack of MspI cleavage at methylated EaeI-cleavage sites cannot therefore be used to confirm the site of methylation.] Fig. 1 shows protection at one (position 533) of the two EaeI/HpaII-cleavage sites on pBR322 DNA; the other site (position 402) involves fragments of nine and 15 nucleotide residues length and cannot be detected on this gel. Methylation by M.EaeI has no effect on the cleavage of sites 5'-Y-G-G-C-C-G-G-G-3' by the isoschizomers CauII and Ncil, which have the recognition site 5'-C-C-S-G-G-3' (results not shown). Whitehead & Brown (1983) showed that dcm modification of pBR322 DNA at the sequence 5'-T-G-G-C5mC-A-G-G-3' prevents cleavage by EaeI. Thus modification of either conserved cytosine residue in the EaeI recognition sequence is sufficient to prevent cleavage by EaeI.
